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Description 

FIELD OF THE INVENTION 

The present invention relates to diff ractive mul- 
tifocal ophthalmic lenses. 

BACKGROUND OF THE INVENTION 

Ophthalmic lenses used to correct vision impair- 
ments can be embodied in a number of forms. Con- 
tact lenses and surgically implanted intraocular lens- 
es are probably the most common. Other ophthalmic 
lenses include artificial corneas and intralamellar im- 
plants. Ophthalmic lenses having a single focal 
length, those used to correct vision problems within 
only one general distance range (e.g. nearsighted- 
ness or farsightedness) are disclosed in a number of 
United States patents. 

The Kelman U.S. Patent 4,828,658 is directed to 
a composite lens formed by a pair of relatively thin, 
sheet-like elements having opposed interior surfac- 
es. At least one of the elements includes a protected 
Fresnel lens on its interior surface. The interior sur- 
faces are sealed together to define gas enclosing, liq- 
uid free spaces having an index of refraction which is 
different from that of the elements. The Fresnel lens 
includes a succession of concentric rings and uses 
the principle of refraction to produce the desired opt- 
ical correction. 

The Stay et al. U.S. Patent 4,731,078 discloses 
an intraocular lens formed by inner and outer layers. 
The inner layer can be formed by a gas or liquid filled 
cavity. Alternatively, the inner layer can have a Fres- 
nel-like interface which can be gas filled. 

Day-to-day activities require in-focus vision for 
both long and short distances (e.g. for driving and 
reading). Healthy human eyes provide the variable fo- 
cal length capabilities needed for this range of vision 
by muscle-induced distortions of its flexible lens. Un- 
fortunately, the ability of the eye to accommodate va- 
riable distance vision commonly deteriorates with 
age. The ability to accommodate multiple focal 
lengths through muscle distortions of the lens is also 
limited for those persons with known surgically im- 
planted replacement lenses. Multifocal lenses, those 
having several predetermined focal lengths, are 
therefore used where correction is needed for both 
short and long distance vision. 

The Hofmann United Kingdom Patent No. 
1,154,360 discloses a multifocal Fresnel lens. In one 
embodiment the Fresnel lens is formed on an internal 
face, adjacent an air-filled space. 

The use of multifocal diffractive zone plates in 
ophthalmic lenses is also known and disclosed in the 
Cohen U.S. Patents 4,210,391, 4,338,005 and 
4,340,283. These lenses use the principle of diffrac- 
tion to provide the optical power. A plurality of concen- 



tric annular regions direct light to multiple focal points. 
The unfocused image does not affect the focused im- 
age. 

The Higuchi U.S. Patent 3,630,200 discloses an 
5 ocular insert The insert is positioned between the 
eyeball and eye lid, and dispenses drugs to the eye 
over a prolonged period of time. The insert can be fab- 
ricated of an inner core containing the drug and a soft 
hydrophilic outer layer. 
10 The Tahan U.K. Patent Application Publication 
2,171,106 discloses hydrogel forming polymers for 
contact and intraocular lenses. It is noted that the 
polymers can be formed into a bandage lens for an 
eye and drugs such as antibiotic subtances can be In- 
15 corporated into the lens for gradual diffusion into the 
eye. 

High quality vision is very important to most peo- 
ple. However, vision impairments which require cor- 
rection for both long and short distances are relatively 

20 common. There is, therefore, a continuing need for 
improved multifocal ophthalmic lenses. Lenses of this 
type must be capable of providing accurate vision cor- 
rection. The lenses should also be physiologically 
compatible with the human eye for long-term comfort, 

25 and convenient to use. 

Summary of the Invention 



According to a first aspect of the present inven- 
30 tion there is provided an ophthalmic lens including: 
a first lens member having a smooth outer sur- 
face and an inner surface with a diffractive zone plate 
and an edge about its perimeter, the diffractive zone 
plate formed from material having an index of refrac- 
ts tion; 

second lens member formed from material 
having an index of refraction and having a smooth 
outer surface and an inner surface with an edge about 
its perimeter, the edge of the second lens member fix- 
40 edly joined to the edge of the first lens member; and 
a cavity defined by the inner surfaces of the 
first and second lens members adjacent the zone 
plate and the interior of the cavity having an index of 
refraction which is different than the index of ref rac- 
45 tion of the zone plate, characterised by: 

said diffractive zone plate being a multifocal 
diffractive zone plate whereby said ophthalmic lens 
is a multifocal lens; and 

an ultrasonic weld joining the edges of the first 
so and second lens members. 

According to a second aspect of the present in- 
vention there is provided an ophthalmic lens includ- 
ing: 

a first unfinished lens member having an inner 
55 surface with an edge and a diffractive zone plate on 
the inner surface, the diffractive zone plate formed 
from material having an index of refraction; 

a second unfinished lens member having an 
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inner surface with an edge, the edge of the second 
lens member fixedly Joined to the edge of the first iens 
member and 

a cavity defined by the inner surfaces of the 
first and second lens members adjacent the zone 5 
plate and the interior of the cavity having an index of 
refraction which is different than the index of refrac- 
tion of the zone plate, characterised by: 

said diffractive zone plate being a multifocal 
diffractive zone plate whereby said ophthalmic lens 10 
is a multifocal lens; and 

an ultrasonic weld joining the edges of the first 
and second lens members. 

Embodiments of the lens Include a liquid medica- 
tion within the cavity. A fluid transport mechanism 15 
such as an aperture through one of the lens members 
permits the medication to be transferred between the 
cavity and the eye. 

According to a third aspect of the present inven- 
tion there is provided a method of making a multifocal 20 
ophthalmic lens comprising:- 

providing a first lens member having a smooth 
outer surface and an inner surface having a multifo- 
cal diffractive zone plate, said first lens member hav- 
ing a perimetric edge, and the zone plate being 25 
formed from material having an index of refraction; 

providing a second lens member formed from 
material having an index of refraction, and having a 
smooth outer surface and an inner surface, said sec- 
ond lens member having a perimetric edge; 30 

joining said perimetric edge of said second 
lens member to the edge of the first lens member to 
form a cavity defined by the inner surfaces of the first 
and second lens members adjacent the zone plate, 
wherein the interior of the cavity has an index of re- 35 
fraction which is different from the index of refraction 
of the zone plate characterised by said joining step 
comprising ultrasonically welding said edge of the 
first lens member to said edge of the second lens 
member. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded view of a first embodi- 
ment of an ophthalmic lens in accordance with the 45 
present invention. 

Figure 2 is a sectional view of the lens shown in 
Figure 1. 

Figure 3 is a sectional view of a second embodi- 
ment of an ophthalmic lens in accordance with the so 
present invention. 

Figure 4 is a detailed view of a portion of the edge 
of the lens shown in Figure 3. 

Figure 5 is an illustration of a precursor lens as- 
sembly in accordance with the present invention and 55 
from which a lens such as that shown in Figure 3 can 
be fabricated. 

Figure 6 is an illustration of another embodiment 



of a precursor lens assembly in accordance with the 
present invention. 

Figure 7 Is an illustration of a fixture and ultrason- 
ic welder which can be used to ultrasonically assem- 
ble the precursor lens assembly shown in Figures 5 
and 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Ophthalmic lens 10, a first embodiment of the 
present invention, is illustrated generally in Figures 1 
and 2. As shown, lens 1 0 includes a first lens member 
12 and a second lens member 14. Lens members 12 
and 14 both have a smooth outer surface OS and an 
inner surface IS. The inner surfaces IS of lens mem- 
bers 12 and 14 terminate at annular edges E that ex- 
tend around the perimeter of the lenses. A multifocal 
diffractive zone plate 16 is formed on the inner sur- 
face IS of one or both lens members 12 and 14, and 
is shown on lens member 1 2 in Figure 1 . Lens 1 0 can 
also include haptics 1 8 if it is designed to be surgically 
implanted. The diameter of the body of lens 10 (i.e., 
the portion exclusive of haptics 18) is typically in the 
range of 7.0 to 7.5 mm for implantable lenses, but can 
vary from this range as required for any particular ap- 
plication. 

Edges E function as bonding surfaces. As shown 
in Figure 2, lens members 12and 14 are fixedly joined 
together at their edges E. 

An adhesive 20 can be used for this purpose. In 
another embodiment described below, the lens mem- 
bers are ultrasonically welded together. Alternatively, 
lens members 12 and 14 can be affixed by mechan- 
ical interlocks on edges E, by solvent welding or by 
heat lamination processes (not shown). Once lens 
members 12 and 14 have been joined together, their 
inner surfaces IS form and define a chamber or cavity 
22. Cavity 22 is adjacent diffractive zone plate 1 6 and 
can be fi lied with a substance or material 24 as shown 
in Figure 2. Alternatively, lens 10 can be formed with 
a vacuum in cavity 22. 

Multifocal diffractive zone plate 16 can be of any 
known or conventional design. In the embodiment 
shown in Figures 1 and 2, zone plate 16 is formed by 
physical structures on the inner surface IS of lens 
member 12. Alternatively, diffractive zone plate 16 
could be formed by doping portions of lens member 
12 with a dopant that causes the index of refraction 
of the doped regions to change and be different from 
that of adjacent portions of the lens member and cav- 
ity 22. The optical power of lens 1 0 is produced by the 
combination of the diffractive contribution from zone 
plate 16 and any refractive contribution from lens 
members 12 and/or 14. 

Lens members 12 and 14 can be fabricated from 
a number of different materials. Examples of relative- 
ly impermeable materials can Include polymethylme- 
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thacrylate (PMMA), silicone acrylate and perfluorin- 
ated polyethere. Alternatively, hydrophilic or water- 
containing materials such as silicones and hydrogels 
can be used. Specific hydrogels include homopoly- 
mers and copolymers of acrylate and methacrylate 5 
esters having at least one hydroxyl group on the side 
chain, such as 2-hydroxyethyl methacrylate (HEMA), 
ethylene glycol dimethacrylate, hydroxyethoxyethyl 
methacrylate, hydroxydiethoxy methacrylate, and 
glyceryl methacrylate, as well as polymers and copo- 10 
lymers of monomers such as methoxyethoxyethyl 
methacrylate, methoxydiethoxyethyl methacrylate, 
methoxyethyi methacrylate, methacrylic acid, vinyl 
alcohol, vinyl acetate, and N-vinyl-2-pyrTOlidone and 
related N-alkenyl-2-pyrrolidones. Cross-linked hydro- 15 
gels can also be used. 

Materials of these types typically have an index 
of refraction in the range of 1 .43 to 1 .5. To enable the 
operation of a structured diffractive multifocal zone 
plate 1 6, the index of refraction of the vacuum or ma- 20 
terial 24 within central cavity 22 must differ from the 
index of refraction of adjacent inner surface IS on 
which the zone plate is formed. If the differences be- 
tween the indices of refraction are relatively large 
(e.g. greater than 0.1), the physical dimensions of the 25 
surface structure of zone plate 16 will be relatively 
small (e.g. peak-to-valley dimensions of two micro- 
meters). While this reduces the overall dimensional 
thickness of the lens member in which the zone plate 
is formed, it makes it more difficult to manufacture the 30 
zone plate to required tolerances. If the difference be- 
tween the indices of refraction are smaller, for exam- 
ple in the range of 0.04 to 0.07, surface structures 
with peak-to-valley dimensions in the range of seven 
micrometers can be used. These larger surface struc- 35 
tures can more easily be manufactured to the re- 
quired dimensional tolerances. 

Cavity 22 can be filled with solid or fluid materials 
24. Ultraviolet and D air" cured polymers can be used 
for solid materials 24. Examples include 3M materials 40 
Acylamidoamidosiloxane (AC MAS) and Methacyla- 
mido Amldo Siloxane (MACMAS), and Dow Corning 
compounds Sylgard 182 and Silastic Q-7485 A/B. 
Gases such as air or biologically benign liquids such 
as saline solution can also be used. Saline solution 45 
having properly selected characteristics is a desirable 
material since it is compatible with and has the same 
index of refraction as fluids in the human eye. 

Cavity 22 can also be filled with medications for 
treating portions of the eye adjacent lens 1 0. For ap- so 
plications of this type, lens 10 must include a fluid 
transport mechanism for transferring the medication 
between cavity 22 and the eye. By way of example, 
cavity 22 can be filled with liquid antibiotics or drugs 
for reducing intraocular pressure. An aperture 26 55 
such as that shown through lens member 14 can be 
used to control the transfer of fluid from cavity 22 to 
the eye. The rate of fluid exchange can be controlled 



by the size of aperture 26. Alternatively, fluid transfer 
from cavity 22 would also occur if lens members 12 
or 14 were fabricated from hydrophilic materials. The 
index of refraction of the fluid material 24 within cavity 
22 should be maintained at a constant value during 
fluid transfers to facilitate the optimal operation of 
zone plate 16. This can be accomplished by initially 
filling cavity 22 with fluids having an index of refrac- 
tion close to that of the eye fluids which will replace 
those flowing out of the cavity. 

Lens elements 1 2 and 1 4 can be produced direct- 
ly in a replication process (e.g. injection molding). Al- 
ternatively, lens elements 12 and 14 can be ma- 
chined or otherwise formed from lens blanks. Al- 
though both lens members 12 and 14 have convex 
outer surfaces OS in the embodiments shown, either 
or both could also have concave or planar surfaces 
depending upon the refractive optical contribution 
desired from the lens member. Similarly, inner sur- 
faces IS could be planar or convex. Edges E can be 
mated together either before or after outer surfaces 
OS are shaped to the desired form. Liquid materials 
24 can be injected into cavity 22 after lens elements 
12 and 14 have been mated together. Alternatively, 
cavity 22 can be maintained full of the liquid or solid 
material 24 while lens members 12 and 14 are af- 
fixed. Lens members 12 and 14 can also be multilayer 
members. Ultrasonic welding techniques for manu- 
facturing lenses such as 10 are described in greater 
detail in subsequent portions of this specification. 

Lenses such as 10 have considerable advantag- 
es over those of the prior art Since diffractive zone 
plate 16 is within lens 10 and not on outer surfaces 
OS, it is not subject to common problems associated 
with inorganic materials, protein deposits and other 
debris which tend to accumulate on structures of this 
type when exposed to portions of the human eye. 
Erosions and abrasion of cornea tissue are also pre- 
vented. Transferring medicinal substances 24 in cav- 
ity 22 to the eye or eye cavity is a convenient method 
for eliminating steps which may otherwise have to be 
performed by medical personnel or the patient The 
above-described structures thereby facilitate healing 
following surgical procedures, and help prevent dis- 
ease or other complications associated with the eye. 

Another embodiment of the present invention, 
ophthalmic lens 30, can be described with reference 
to Figures 3 and 4. Like ophthalmic lens 1 0 described 
above, lens 30 includes first and second lens mem- 
bers 32 and 34 which have inner surfaces IS and out- 
er surfaces OS. Inner surface IS of lens member 32 
includes a multifocal diffractive zone plate 36. Annu- 
lar edges E of lens members 32 and 34 are joined to- 
gether to form a cavity 42 adjacent zone plate 36. 
Cavity 42 can be injected or otherwise filled with a 
substance 44. With the exception of edges E and the 
method by which these edges are bonded together, 
other elements and characteristics of ophthalmic lens 
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30 can be Identical to corresponding elements of lens 
10 described above. 

Edges E of lens members 32 and 34 are config- 
ured to be welded together through exposure to ultra- 
sonic energy. To facilitate this welding process, edge 5 
E of one of the tens members (e.g. lens member 34 
in Figures 3 and 4) includes projection 50 and a ta- 
pered energy director 52. Projection 50 is annular in 
the embodiment shown, and extends around edge E. 
Projection 50 is configured to extend into lens mem- 10 
ber 32 adjacent its edge E and functions as a guide 
to align the two lens members. Annular energy direc- 
tor 52 extends around lens member 34 from its edge 
E, and is positioned so as to be adjacent edge E of 
lens member 32. In the embodiment shown, energy 15 
director 52 is triangular in cross section. The angle 
formed between the side walls and base of energy di- 
rector 52 is approximately 60° in one embodiment, but 
can vary (e.g. over a range of 45°-70°). The height 
and width of energy director 52 can also vary. Heights 20 
in the range of 0.005 inch to 0.009 inch (0. 1 27 to 0.229 
millimeter) have been found to work well, as have 
widths of 0.005 to 0.015 inch (0.127 to 0.381 mm). En- 
ergy director 52 directs ultrasonic energy to the point 
at which director 52 meets lens member 32 to tacili- 25 
tate a quality bond between the two lens members. 

The gap between outside edge 51 of projection 
50 and the adjacent surface 53 of lens member 32 
functions as a flash trap for receiving molten material 
from energy director 52 during the ultrasonic welding 30 
operation, and for preventing this material from flow- 
ing into cavity 42. This gap should be wide enough to 
permit projection 50 tofrt within lens member 32 with- 
out deforming either of lens members 32 and 34, and 
to permit molten material from energy director 52 to 35 
flow therein and seal the gap. if the gap is too large, 
it will not be filled in by the molten material and may 
be visible. Gaps in the range of 0.005 - 0.007 inch 
(0.127 to 0.1 78 mm) have been found to work well. 

As shown in Figure 4, one or more transversely 40 
oriented slots 54 (only one is shown) can extend 
across energy director 52. Slots 54 can be adapted to 
serve the same function as hole 26 of lens 1 0, that be- 
ing to facilitate the transfer of liquid substances 44 be- 
tween lens cavity 42 and the eye or eye cavity (not 45 
shown). Slots 54 also function as vents for the evac- 
uation of air when viscous materials such as AC MAS 
which are placed in cavity 42 spread to the edges of 
the cavity during welding. Ophthalmic lens 30 has all 
the advantages of lens 10 described above. In addi- so 
tion to being effective, ultrasonic bonding prevents 
optical distortion of lens members 32 and 34. 

A precursor lens assembly 60 in accordance with 
the present invention is illustrated generally in Figure 
5. Assembly 60 includes unfinished lens members 62 55 
and 64. In the embodiment shown, inner surfaces IS 
of lens member 62 is generally concave. Inner sur- 
face IS of lens member 64 is planar and formed on a 



circular projection 70 which extends into lens member 
62. A multifocal dif fractive zone plate 66 is formed on 
inner surface IS of lens member 62. Annular bonding 
edge E of lens member 64 includes an energy director 
or tapered ridge 72 which mates with edge E of lens 
member 62. Ridge 72 can be identical to energy direc- 
tor 52 of lens 30 described above with reference to 
Figures 3 and 4. Once lens members 62 and 64 have 
been bonded together at their edges E, the outer sur- 
faces OS can be finished to patient specifications by 
grinding or other known machining processes. Hap- 
tics such as those shown at 18 in Figure 1 can also 
be machined from lens members 62 and 64. A cavity 
74 in precursor lens assembly 60 can be filled with a 
substance (not shown) of the type and in the manner 
of those described above with reference to lenses 10 
and 30. 

In addition to having the advantages of lenses 10 
and 30, the precursor lens assemblies such as 60 can 
be kept in stock and machined to required specifica- 
tions as needed. 

Another precursor lens assembly is designated 
by reference numeral 60' and illustrated in Figure 6. 
Lens assembly 60' is configured for assembly using 
ultrasonic welding techniques. With the exception of 
energy director 71 , all other features of lens assembly 
60* can be identical to corresponding features of lens 
assembly 60 described above with reference to Fig- 
ure 5, and are designated with corresponding but 
primed (e.g., ') reference characters. Annular energy 
director 71 extends around edge E of lens member 64' 
and has a smooth upper edge surface of extended 
width configured to mate with the edge E of lens mem- 
ber 62'. In the embodiment shown, energy director 71 
is rectangular in cross-section and has a flat upper 
edge surface. The height of energy director 71 can 
vary between 0.127 and 0.229 millimeter, while the 
width can vary between 0.127 and 0.381 millimeter. 
Ophthalmic lens members such as 62' and 64' which 
are manufactured from hydrogel materials and in- 
clude an energy director 71 can be securely welded 
together using the ultrasonic bonding techniques de- 
scribed below. 

The individual lens members of lenses 12 and 30 
and precursor lens assemblies 60 and 60' can be se- 
curely and efficiently joined using the ultrasonic 
welder 80 and f ixture 82 illustrated in Figure 7. For 
purposes of illustration only, lens assembly 60' is 
shown in Figure 7. Fixture 82 includes a well 84 
formed by one or more walls 86. Well 84 is sized to 
firmly seat lens assembly 60, yet permit the lens as- 
sembly to be inserted into and removed from the well 
without substantial deformation. The individual lens 
members (e.g., 62, 64 and 62', 64') should be well 
cleaned and free of debris before they are welded us- 
ing the procedures described below. 

In one embodiment, ultrasonic welder 80 is a 
Branson Model 4AE welder. This welder 80 includes 
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a booster 88 which is movably mounted with respect 
to a base 90 by an air cylinder 92. Ultrasonic energy 
produced by booster 88 is coupled to lens assembly 
60' by horn 94. The pressure applied to lens assembly 
60 through horn 94 is controlled by air cylinder 92. Air 5 
cylinder 92 must be capable of exerting enough pres- 
sure to permit high quality bonding of lens members 
62' and 64'. Too much pressure, on the other hand, 
can result in overwelding and destroy the bond. Pres- 
sure settings obtainable from a 1 .00-1 .25 inch (25.4- 10 
31 .75mm) cylinder 92 have been found to work well. 
A silver booster 88 which generates ultrasonic energy 
at a frequency of 40 KHz Is preferably used to weld 
lens members such as 62' and 64', including those 
fabricated from PMMA and hydrogels. Horns 94 hav- 15 
ing a diameter equal to or greater than the diameter 
of the energy director of the lens member being weld- 
ed (e.g. , energy director 7 1 of lens member 64') have 
been found to result in the strongest and highest qual- 
ity bond. 20 

A preferred method of using ultrasonic welder 80 
and fixture 82 to ultrasonically weld PMMA lens mem- 
bers such as 62 and 64 which have a thickness of 2.5 
mm and an air filled cavity 74 is described immediate- 
ly below. The energy director 72 of these PMMA lens 25 
members 62 and 64 preferably have a triangular 
cross-section and 0.005 inch (0. 127 mm) height. After 
being preheated to a temperature of 100 - 120°F 
(37.8-48.9°C) over a period of forty-five minutes and 
positioned in well 84, horn 94 is forced into physical 30 
contact with lens member 64 at a pressure in the 
range of 50-75 PSIG (344.9 K to 517.1 KN/m 2 ). The 
pressure used in one preferred embodiment is 60 
PSIG (413.7 KN/m 2 ). Booster 88 is then activated for 
a weld time during which the energy monitored on the 35 
end of the booster adjacent horn 94 reaches a peak 
of 140-150 Joules. Weld times in the range of 0.18- 
0.30 seconds have been found to work well, with 0.20 
second being optimum. Following the termination of 
this weld period, ultrasonic welder 80 remains forced 40 
into contact with lens assembly 60 for a hold period 
in the range of 0.25 to 0.40 second, and preferably 
0.30 second. These procedures have been found to 
produce a high quality joint between PMMA lens 
members 62 and 64. Joints of this type are, if at all, 45 
barely visible under a 50X microscope, and require at 
least ten pounds of force or 44.5 Newtons (e.g., as 
measured by an Instron rheometer) to be broken. 

When welding PMMA lens members 62 and 64 to 
form a lens assembly 60 having a cavity 74 filled with so 
saline solution, it is advantageous to used degassed 
saline to reduce the amount of air or other gases 
which might otherwise become entrapped within the 
cavity. In a preferred embodiment of the PMMA lens 
assembly such as 60 having a saline filled cavity 74, 55 
energy director 72 has a height of 0.008 inch (0.203 
mm). Initially, well 84 is partially filled with degassed 
saline. A lower lens member (e.g., 62) is then placed 



in well 84 and moved around to enable any gases 
trapped on its surface to escape. After additional sal- 
ine is added to well 84, an upper lens member (e.g., 
64) is positioned on top of lower lens member 62 in 
such a manner as to prevent air from being entrapped 
within cavity 74. Upper lens member 64 can then be 
shifted around to evacuate any air or other entrapped 
gases. 

Lens member 64 used in conjunction with the 
lens assembly 60 having a saline filled cavity 74 pre- 
ferably has an energy director with a height of 0.008 
inch (0.203 mm). To enable optimum welding, lens 
members 62 and 64 should be preheated to a temper- 
ature between 90 and 1 00°F (32.2-37.6°C) for a per- 
iod of one hour, and subjected to a force of 100 PSIG 
(689.5 KN/m 2 ) during welding. Other forces in the 90- 
115 PSIG (620.6 K - 792.9 KN/m 2 ) range have also 
been found to work well. Weld periods in the range 
025 to 0.35 second have been found to work well, 
with 0.30 second being optimum. During the weld per- 
iod the peak energy monitored at booster 88 should 
reach a level of 180-220 Joules. Following the weld 
period, lens assembly 60 should be kept under pres- 
sure for a hold period in the range of 0.30 to 0.40 sec- 
ond, and preferably 0.35 second. A PMMA lens as- 
sembly such as 60 having a saline filled cavity 74 and 
manufactured in accordance with the above- 
described conditions has been found to have a high 
quality bond between its lens members 62 and 64. 

A preferred method for ultrasonically welding 
PMMA lens members 62 and 64 to form a lens assem- 
bly 60 having a cavity 74 filled with inert materials 
such as ACMAS and MACMAS includes preheating 
the lens members to a temperature of 100-120°F 
(37.7-48.9°C) over a period of forty-five minutes be- 
fore positioning them within well 84. ACMAS and 
MACMAS materials are relatively viscous, and should 
be degassed prior to use. After lens member 62 has 
been positioned within well 84, a syringe can be used 
to place a sufficient volume of the inert material on the 
inner surface IS of the lens member. Lens member 64 
can then be placed on lens member 62 In such a man- 
ner as to cause the inert material to spread through- 
out cavity 74. It is desirable to place only as much ma- 
terial on the inner surface IS of lens member 62 as is 
necessary to fill cavity 74. An energy director having 
a height of 0.007-0.009 inch (0.178-0.229 mm) will fa- 
cilitate a quality bond even if too much inert material 
was placed on the lens member and was spread be- 
yond the energy director. Following the procedures 
described above, a high quality bond can be formed 
between lens members 62 and 64 with a pressure 
setting of 65-75 PSIG (448.2 to 517.1 KN/rrfc), a weld 
time of 0.20-0.27 second, a peak energy of 100-115 
Joules and a hold time of 0.25-0.40 second. Optimum 
bond conditions have been achieved using a pressure 
setting of 70 PSIG (482.6 KN/m 2 ), a weld period of 
0.23 second, a peak energy of 110 Joules, and a hold 
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period of 0.30 second. 

Surprisingly, it has been found that hydrogei lens 
members such as 62' and 64' having an equilibrium 
moisture content greater than 25.0% can be bonded 
using a welder 80 and fixture 82 of the type shown in 5 
Figure 7. Lens members 62' and 64' manufactured 
from commercially available HEM A hydrogels from 
Bausch & Lomb and Hydron having an equilibrium 
moisture content of 36.5% have been bonded using 
this equipment Perhaps even more surprisingly, hy- 10 
drogel lens members such as 62* and 64' having an 
equilibrium moisture content greater than 55% can be 
bonded using welder 80 and fixture 82. For example, 
lens members 62 1 and 64' manufactured from hydro- 
gel material disclosed in the Tahan U.K. patent pub- 15 
lication 2, 1 71 , 1 06 and having an equilibrium moisture 
content of 61.0% have been securely bonded using 
this equipment 

A preferred approach involves the use of hydro- 
gel lens members 62' and 64' which are 2.0 mm in 20 
thickness, with one of the lens members having an 
energy director 71 of generally rectangular cross- 
section. Energy director 71 can have a height of 
0.005-0.007 inch (0.127-0.178 mm)and width of 

0. 005-0.015 inch (0.127-0.381 mm). Hydrogei lens 25 
members 62 and 64 are positioned within well 84 at 
room temperature (e.g., 65°F-80°F or 18.3-26.7°C) . 

Air cylinder 92 is set to apply a pressure of 8 to 10 
PSIG (55.1 K-68.9 KN/m 2 ) onto lens member 64' 
through booster 88 and horn 94. A high quality bond 30 
between lens members 62' and 64' can be attained 
using a weld period 0.15-0.22 second to achieve a 
peak energy of 10-25 Joules, followed by a hold per- 
iod of 0.15-0.25 second. Optimum bond conditions 
have been achieved with a weld period of 0.1 7 second 35 
and a hold period of 0.20 second. 

Although the present invention has been descri- 
bed with reference to preferred embodiments, work- 
ers skilled in the art will recognize that changes may 
be made in form and detail without departing from the 40 
scope of the invention. By way of example, ophthalm- 
ic lenses in accordance with the present invention can 
be embodied as contact lenses, intraocular lenses, 
artificial corneas and intralamellar implants. 

45 

Claims 

1. An ophthalmic lens including: 

a first lens member (12, 32) having a 50 
smooth outer surface (OS) and an inner surface 
(IS) with a diffractive zone plate (16, 36) and an 
edge (E) about its perimeter, the diffractive zone 
plate (16, 36) formed from material having an in- 
dex of refraction; 55 

second lens member (14, 34) formed from 
material having an index of refraction and having 
a smooth outer surface (OS) and an inner surface 



(IS) with an edge (E) about its perimeter, the edge 
of the second lens member fixedly joined to the 
edge of the first lens member; and 

a cavity (22, 42) defined by the inner sur- 
faces of the first (12, 32) and second (14, 34) lens 
members adjacent the zone plate and the interior 
of the cavity having an index of refraction which 
Is different than the index of refraction of the 
zone plate (16, 36), characterised by: 

said diffractive zone plate being a multifo- 
cal diffractive zone plate (16, 36) whereby said 
ophthalmic lens is a multifocal lens; and 

an ultrasonic weld joining the edges of the 
first and second lens members. 

2. An ophthalmic lens including: 

a first unfinished lens member (62) having 
an inner surface (IS) with an edge (E) and a dif- 
fractive zone plate (66) on the inner surface, the 
diffractive zone plate (66) formed from material 
having an index of refraction; 

a second unfinished lens member (64) 
having an inner surface (IS) with an edge (E), the 
edge of the second lens member fixedly joined to 
the edge of the first lens member and 

a cavity (74) defined by the inner surfaces 
of the f irst (1 2, 32) and second (14, 34) lens mem- 
bers adjacent the zone plate (16, 36) and the in- 
terior of the cavity having an index of refraction 
which is different than the index of refraction of 
the zone plate, characterised by: 

said diffractive zone plate being a multifo- 
cal diffractive zone plate (16, 36) whereby said 
ophthalmic lens is a multifocal lens; and 

an ultrasonic weld joining the edges of the 
first and second lens members. 

3. The lens of claim 1 or claim 2 wherein at least one 
of the first (32) and second (34) lens members in- 
cludes a guide projection (50) for extending into 
the other lens member. 

4. The lens of claims 1 or 2 and including material 
within the cavity (22, 74) having an index of re- 
fraction which is different than the index of re- 
fraction of the zone plate. 

5. The lens of claim 4 and including fluid material 
within the cavity (22, 74). 

6. The lens of claim 5 and including air within the 
cavity (22, 74). 

7. The lens of claim 5 and including liquid material 
within the cavity (22, 74). 

8. The lens of claim 7 and further including a fluid 
transport mechanism for permitting fluid transfer 
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between the cavity and an exterior surface of the 
lens. 

9. The lens of claim 8 wherein the fluid transport 
mechanism includes an aperture through at least 5 
one of the first and second lens members. 

1 0. The lens of claim 8 wherein at least one of the first 
and second lens members is formed from a hy- 
drophillic material which functions as the fluid to 
transport mechanism. 

11. The lens of claim 8 and including liquid medica- 
tion within the cavity. 

12. The lens of claim 4 and including a solid material 
within the cavity. 

13. A method of making a multifocal ophthalmic lens 
comprising:* 

providing a first lens member (12) having 
a smooth outer surface (OS) and an inner surface 

(15) having a multifocal diffractive zone plate 

(1 6) , said first lens member having a perimetric 
edge (E), and the zone plate (16) being formed 
from material having an index of refraction; 

providing a second lens member (14) 
formed from material having an index of refrac- 
tion, and having a smooth outer surface (OS) and 
an inner surface (IS), said second lens member 
having a perimetric edge; 

joining said perimetric edge of said second 
lens member to the edge of the first lens member 
(1 2) to form a cavity (22) defined by the inner sur- 
faces of the first (1 2) and second (14) lens mem- 
bers adjacent the zone plate (16), wherein the in- 
terior of said cavity (24) has an index of refraction 
which is different from the index of refraction of 
the zone plate (16) characterised by said joining 
step comprising ultrasonically welding said edge 
(E) of the first lens member (12) to said edge (E) 
of the second lens member (14). 



Patentanspruche 

1. Kunstliche Augenlinse mit 

einem ersten Linsenelement (12, 32) mit 
einerglatten AuRenflache (OS) und einer Innen- 
flache (IS), die eine lichtbeugende Zone (16, 36) so 
aufweist, und an ihrem Umfang von einem Rand 
(E) umgeben ist, wobei die lichtbeugende Zone 
(16, 36) aus einem Werkstoff mit einer Brechzahl 
besteht; 

einem zweiten Linsenelement (14, 34), 55 
das aus einem Werkstoff besteht, der eine Brech- 
zahl hat und das eine glatte AuRenflache (OS) 
und eine Innenflache (IS) besitzt, die an ihrem 



Umfang von einem Rand (E) umgeben ist, der mit 
dem Rand des ersten Unsenelements fest ver- 
bunden ist; und 

einem im Bereich der lichtbeugenden Zo- 
ne von den Innenf lichen des ersten (12, 32) und 
des zweiten (14, 34) Linsenelement s begrenzten 
HohJraum (22, 42), dessen Inneres eine andere 
Brechzahl hat als die lichtbeugende Zone (16, 
36), dadurch gekennzeichnet, daft 

die lichtbeugende Zone eine multifokale 
lichtbeugende Zone (1 6, 36) ist, so dad die kunst- 
liche Augenlinse eine multifokale Linse ist, und 

die Rinder des ersten und des zweiten 
Linsenelements miteinander durch eine Ultra- 
schallschwei&naht verbunden sind. 

2. Kunstliche Augenlinse mit 

einem ersten nicht fertigbearbeiteten Lin- 
senelement (62) mit einer Innenflache (IS), die ei- 
nen Rand (E) besitzt und auf der eine 
lichtbeugende Zone (66) aus einem eine Brech- 
zahl besitzenden Werkstoff vorgesehen ist, 

einem zweiten nicht fertigbearbeiteten 
Linsenelement (64) das eine Innenflache (IS) mit 
einem Rand (E) aufweist, der fest mit dem Rand 
des ersten Linsenelements verbunden ist; und 

einem im Bereich der lichtbeugenden Zo- 
ne (16, 36) von den Innenf lichen des ersten (12, 
32) und des zweiten (14, 34) Linsenelements be- 
grenzten Hohlraum (74), dessen Inneres eine an- 
dere Brechzahl hat als die lichtbeugende Zone, 
dadurch gekennzeichnet, dad 

die lichtbeugende Zone eine multifokale 
lichtbeugende Zone (1 6, 36) ist, so daft die kunst- 
liche Augenlinse eine multifokale Linse ist, und 

die Render des ersten und des zweiten 
Linsenelements miteinander durch eine Ultra- 
schallschweiBnaht verbunden sind. 

3. Linse nach Anspruch 1 oder 2, in der das erste 
(32) und/oder das zweite (34) Linsenelement ek 
nen sich in das jeweils andere Linsenelement er- 
streckenden Fuhrungsvorsprung (50) besitzt 

4. Linse nach Anspruch 1 oder 2, mit in dem Hohl- 
raum (22, 74) bef indlichem Material, das eine an- 
dere Brechzahl hat als die lichtbeugende Zone. 

5. Linse nach Anspruch 4 mit in dem Hohlraum (22, 
74) bef indlichem Fluid. 

6. Linse nach Anspruch 5 mit in dem Hohlraum (22, 
74)befindlicherLuft. 

7. Linse nach Anspruch 5 mit in dem Hohlraum (22, 
74) bef indlicher, flussiger Substanz. 

8. Linse nach Anspruch 7 mit einem Fluidtransport- 
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mechanismus, dereinen Ruidtransport zwischen 
dem Hohlraum und einer Aufienf lache der Unse 
gestattet. 

9. Linse nach Anspaich 8 ( in der der Fl u id trans port- 
mecha nismus eine das erste und/oder das zweite 
Linsenelement durchsetzende Offnung aufweist 

10. Unse nach Anspruch 8, in der das erste und/oder 
das zweite Linsenelement aus einem hydrophilen 
Werkstoff besteht, der als der Ruidtransportme- 
chanismus wirksam ist 

11. Unse nach Anspruch 8 mit einer in dem Hohlraum 
befindlichen, medizinisch wirksamen Russigkeit 

12. Unse nach Anspruch 4 mit einem in dem Hohl- 
raum befindlichen Feststoff. 
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13. Verfahren zum Herstellen einer muftifunktiona- 
len kunstlichen Augenlinse, in dem 

ein erste Unsenelement (12) verwendet 
wird, das eine glatte AuSenf lache (OS) und eien 
Innenflache (IS) besitzt, die eine multifokale 
I ichtbeugende Zone (1 6) aufweist die einen Urn- 25 
fangsrand (E) besitzt und aus einem Werkstoff 
mit einer Brechzahl besteht, 

ein zweites Linsenelement (14) verwendet 
wird, das aus einem Werkstoff mit einer Brech- 
zahl besteht und das eine glattB Au&enflSche 30 
(OS) und eine Innenflache (IS) und einen Unv 
fangsrand besitzt; 

dutch Verbinden des Umfangsrandes des 
zweiten Linsenelements mit dem Rand des er- 
sten Linsenelements (12) ein Hohlraum (22) ge- 35 
schaffen wird, der im Bereich der lichtbeugenden 
Zone (16) von den Innenf lichen des ersten (12) 
und des zweiten (14) Unsenelements begrenzt 
ist und dessen Inneres (24) eine andere Brech- 
zahl hat als die licht beugende Zone (1 6), dadurch 40 
gekennzelchnet, dad der Rand (E) des ersten 
Linsenelements (12) durch Ultraschall-Schwei- 
Ren mit dem Rand (E) des zweiten Linsenele- 
ments (14) verbunden wird. 

45 

Revendlcatlons 

1. Lentille ophtalmique comprenant : 

un premier element de lentille (12, 32) pre- so 
sentant une surface externe unie (OS) et une sur- 
face interne (IS) comportant une plaque de zone 
de diffraction (16, 36) et un bord (E) autour de 
son perimetre, la plaque de zone de diffraction 
(1 6, 36) etant formee en une matiere ayant un in- 55 
dice de refraction, 

un second element de lentille (14, 34) for- 
me a partir d'une matiere ayant un Indice de re- 



fraction et presentant une surface externe unie 
(OS) et une surface interne (IS) avec un bord (E) 
autour de son perimetre, le bord du second ele- 
ment de lentille etant joint de fagon fixe au bord 
du premier element de lentille, et 

une cavite (22, 42) determinee par les sur- 
faces internes des premier (12, 32) et second (1 4, 
34) elements de lentille, d proximfte de la plaque 
de zone, rinterieur de la cavite ayant un indice de 
refraction qui est different de r indice de refrac- 
tion de la plaque de zone (16, 36), 
caracterisee en ce que : 

la plaque de zone de diffraction est une 
plaque de zone de diffraction (16, 36) multifoca- 
le, la lentille ophtalmique etant par cela une len- 
tille multifocal, et 

une soudure par ultrasons joint les bords 
des premier et second elements de lentille. 

2. Lentille ophtalmique comprenant : 

un premier element de lentille (62) non 
acheve, ayant une surface interne (IS) compor- 
tant un bord (E) et une plaque de zone de diffrac- 
tion (66) sur la surface interne, la plaque de zone 
de diffraction (66) etant formee d partir d'une ma- 
tiere qui a un indice de refraction, 

un second element de lentille (64) non 
acheve, ayant une surface interne (IS) compor- 
tant un bord (E), le bord du second element de 
lentille etant Joint de fagon fixe au bord du premier 
element de lentille, et 

une cavite (74) determinee par les surfa- 
ces internes des premier (12, 32) et second (14, 
34) elements de lentille, & proximite de la plaque 
de zone (16, 36), rinterieur de la cavite ayant un 
indice de refraction qui est different de I'indice de 
refraction de la plaque de zone, 
caracterisee en ce que : 

la plaque de zone de diffraction est une 
plaque de zone de diffraction (16, 36) multifoca- 
le, la lentille ophtalmique etant par cela une len- 
tille multifocale, et 

une soudure par ultrasons joint les bords 
des premier et second elements de lentille. 

3. Lentille suivant la revendication 1 ou la revendi- 
catlon 2, caracterisee en ce qu'au moins un des 
premier (32) et second (34) elements de lentille 
comporte une saillie de guidage (50) destinee d 
s'etendre dans Pautre element de lentille. 

4. Lentille suivant la revendication 1 ou 2, caracte- 
risee en ce qu'elle comprend dans la cavite (22, 
74) une matiere ayant un indice de refraction dif- 
ferent de rindice de refraction de la plaque de 
zone. 

5. Lentille suivant la revendication 4, caracterisee 
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en ce qu'elle comprend dans la cavite (22, 74) 
une matiere fluide. 

6. Lentille suivant la revendication 5, caracterisee 

en ce qu'elle comprend de Pair dans la cavite (22, s 
74). 

7. Lentille suivant la revendication 5, caracterisee 
en ce qu'elle comprend dans la cavite (22, 74) 

une matiere liquide. 10 

8. Lentille suivant la revendication 7, caracterisee 
en ce qu'elle comprend en outre un mecanisme 
de transport de fluide pour permettre un transfert 

de fluide entre la cavite et une surface externa de 15 
la lentille. 

9. Lentille suivant la revendication 8, caracterisee 
en ce que le mecanisme de transport de fluide 
comprend une ouverture a travers au moins un 20 
des premier et second elements de lentille. 

10. Lentille suivant la revendication 8, caracterisee 
en ce qu'au moins un des premier et second ele- 
ments de lentille est forme a partir d'une matiere 25 
hydrophile qui agit comma mecanisme de trans- 
port de fluide. 

11. Lentille suivant la revendication 8, caracterisee 

en ce qu'elle comprend dans la cavite un medica- 30 
ment liquide. 

12. Lentille suivant la revendication 4, caracterisee 
en ce qu'elle comprend dans la cavite une matie- 
re solide. 35 

13. Precede de realisation d'une lentille ophtalmique 
multifocal, comprenant : 

une disposition d'un premier element de 
lentille (1 2) ayant une surface externe (OS) unie ao 
et une surface interne (IS) ayant une plaque de 
zone (16) de diffraction multifocal, le premier 
element de lentille ayant un bord perimetrique (E) 
et la plaque de zone (16) etant formee a partir 
d'une matiere ayant un indice de refraction, 45 

une disposition d'un second element de 
lentille (14) forme a partir d'une matiere ayant un 
indice de refraction et presentant une surface ex- 
terne (OS) unie et une surface interne (IS), le se- 
cond element de lentille ayant un bord perimetri- so 
que, 

une jonction du bord perimetrique du se- 
cond element de lentille et du bord du premier 
element de lentille (12) af in de former une cavite 
(22) determinee par les surfaces internes des 55 
premier (12) et second (14) elements de lentille, 
a proximite de la plaque de zone (16), I'interieur 
de la cavite (24) ayant un Indice de refraction dif- 



ferent de Tindice de refraction de la plaque de 
zone (16), 

caracterisee en ce que I'etape de jonction 
comprend un soudage par ultrasons du bord (E) 
du premier element de lentille (12) et du bord (E) 
du second element de lentille (14). 
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